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(54) Display device. 

(§7) A display device comprises a liquid crystal 
spatial light modulator (1) associated with dif- 
fractive means, such as a diffraction grating 
comprising grating elements (5). The diffraction 
grating is illuminated by a light source (6, 7) and 
each element is chirped and blazed so as to 
separate the primary colours of the illuminating^ 
light and direct them to individual light- 
modulating elements (R, G, B) of the modulator 
(1). By dispensing with conventional colour fil- 
ters, the efficiency of the display device is im- 
proved. Further, the focusing action of the 
grating elements (5) directs light to the ele- 
ments of the modulator (1) so as to prevent light 
wastage caused by blocking of light by opaque 
regions of the display. 
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The present invention relates to a colour display 
device, for instance in the form of a diffractive ele- 
ment integrated with a liquid crystal device, and to a 
display device utilising a diffractive element for focus- 
ing. 

In known flat panel liquid crystal displays, back 
lights such as elongate fluorescent lights are used in 
combination with a spatial light modulator in the form 
of a liquid crystal device and red, green, and blue col- 
our filters. In the type of display comprising a plurality 
of picture elements (pixels), the pixels are arranged 
in groups of three together with red, green, and blue 
light filters in order to provide a colour display. Such 
displays are used, for instance, as "lap-top" computer 
displays and in other portable equipment. 

Displays of this type have a number of disadvan- 
tages. Firstly, because colour filters are used to de- 
fine the red, green, and blue elements with polychro- 
matic or white light back-illumination, approximately 
two thirds of the light is absorbed by the colour filters, 
which makes the displays rather inefficient. For port- 
able equipment powered by batteries, this poor effi- 
ciency leads either to reduced battery life or to the 
need for larger batteries for a given level of light output 
from the display. 

Further, the manufacturing process of such dis- 
plays is relatively complicated. For a full colour dis- 
play, three sets of colour filters have to be provided 
and each colour filter requires at least one lithography 
step during manufacture. Thus, cost and complexity 
of manufacture are relatively high. 

GB 2 1 52 724 discloses a multicolour picture dis- 
play device in which the colour filters are replaced by 
prisms for dividing incident polychromatic light into its 
colour components. Red, green, and blue pixels of a 
liquid crystal display modulate the appropriate colour 
components from the prisms. Although such a display 
allows improved efficiency of light utilisation to be 
achieved, the use of refractive elements in the form 
of the prisms increases the cost and difficulty of man- 
ufacture of such a display. 

In liquid crystal displays in which the pixels do not 
occupy the whole of the surface of the display, the 
light from the back-illumination is further wasted as 
the regions between the pixels merely block light and 
prevent its use for illuminating the display. For in- 
stance, liquid crystal devices are frequently formed 
with integral electronics which are opaque to light. 
Such blocking or shadowing of the back-illumination 
further reduces efficiency of utilisation of light. 

According to a first aspect of the invention, there 
is provided a colour display device comprising a spa- 
tial light modulator having at least one first region for 
modulating light of a first colour and at least one sec- 
ond region for modulating light of a second colour, and 
diffractive means for receiving polychromatic light 
and for directing light of the first colour to the or each 
first region and light of the second colour to the or 
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each second region. 

By utilising diffractive means to split polychromat- 
ic light into two or more colours, it is possible to dis- 
pense with the conventional colour filters so that the 

5 available light from back-illumination can be utilised 
more efficiently. Diffractive means with relatively high 
efficiencies thus allow smaller batteries for powering 
back-illumination to be used and/or allow increased 
battery life to be achieved. Further, the diffractive 

w means may provide focusing of the light through the 
light-modulating regions so that little or no light is 
wasted by being obscured by opaque regions be- 
tween the light-modulating regions. 

The use of diffractive means reduces the cost 

15 and complexity of manufacture of displays compared 
both with known displays using colour filters and with 
known displays using prisms. Thus, relatively high ef- 
ficiencies combined with reduced cost can be ach- 
ieved. 

20 The spatial light modulator preferably has at least 

one third region for modulating light of a third colour 
and the diffractive means preferably directs light of 
the third colour to the or each third region. The first, 
second, and third colours are preferably red, green, 

25 and blue and the light-modulating regions may com- 
prise pixels so as to provide a two-dimensional sub- 
stantially full colour display device. 

The light-modulating regions of the spatial light 
modulator may be arranged in groups of red, green, 

30 and blue elements and the diffractive means may 
comprise a plurality of elements, each of which directs 
light of the three colours to the three regions of a re- 
spective group. Thus, the groups and the elements of 
the diffractive means may be arranged as a repeating 

35 one or two dimensional pattern to provide a desired 
display format. 

The diffractive means may comprise a diffraction 
grating, for instance in the form of a plurality of iden- 
tical diffraction grating elements each of which com- 

40 prises an individual chirped grating. In order to maxi- 
mise the utilisation of light, the grating elements are 
preferably blazed, for instance so as to maximise light 
output in the first order of the grating and to minimise 
light output for other grating orders. For illumination 

45 by a collimated beam with a non-zero angle of inci- 
dence on the grating, the grating elements may be ar- 
ranged contiguously. Alternatively, fight which is inci- 
dent normally on the grating elements may be used 
with the elements spaced apart. In order to maximise 

so utilisation of light, a microlens telescope arrangement 
may be provided so as to concentrate the light on to 
the spaced grating elements. In another embodiment, 
the diffractive means may comprise a hologram for 
separating the light components and directing them 

55 towards the respective regions of the spatial light 
modulator. 

Preferably, the diffractive means are formed in- 
tegrally with the spatial light modulator, for instance 
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on a transparent back surface thereof. The spatial 
light modulator may comprise a liquid crystal device 
comprising glass or transparent plastics with the dif- 
fractive means formed on the back surface by stamp- 
ing, moulding, or in any other suitable way. 

According to a second aspect of the invention, 
there is provided a display device comprising a spatial 
light modulator having at least one region for modu- 
lating light, and diffractive means for focusing light to- 
wards the or each region. 

It is thus possible to make use of the focusing 
properties, wit h or without the colour separating prop- 
erties, of the diffractive means in order to focus light 
onto the light-modulating regions so as to prevent 
opaque regions between the modulating regions from 
blocking light and reducing the efficiency of utilisation 
of back-illumination. 

The present invention will further be described, 
by way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a schematic diagram of a colour dis- 
play device constituting a first embodiment of the 
present invention; 

Figures 2 and 3 are schematic diagrams of a col- 
our display device constituting a second embodi- 
ment of the present invention; 
Figure 4 is a schematic diagram of a colour dis- 
play device including a microlens array and con- 
stituting a third embodiment of the present inven- 
tion; and 

Figure 5 is a schematic diagram of a colour dis- 
play device constituting a fourth embodiment of 
the present invention. 

Figure 1 shows a colour display in the form of a 
diffractive element integrated with a liquid crystal de- 
vice. The liquid crystal device comprises a liquid crys- 
tal layer 1 which is pixelated into groups of pixels, 
each group comprising three pixels allocated for mod- 
ulating the intensity of red, green, and blue light pass- 
ing therethrough. The liquid crystal layer 1 is sand- 
wiched between a front glass layer 2 and a rear glass 
layer 3. The back surface of the glass layer 3 has a 
diffraction grating 4 formed thereon by any suitable 
manufacturing technique. 

The diffraction grating comprises a plurality of 
identical grating elements, each of which corre- 
sponds to a respective set of red (R), green (G). and 
blue (B) pixels of the liquid crystal layer 1. Two such 
elements are indicated at 5 together with red, green, 
and blue ray paths within the glass layer 3. 

The back-illumination for the display device com- 
prises a plurality of thin elongate fluorescent light 
sources 6 of relatively small aperture. The light sourc- 
es are arranged to provide collimated beams of light 
directed at approximately 45° to the normal to the 
grating 4, Each of the light sources 6 is located in the 
focal plane of a corresponding cylindrical converging 
lens 7 so that the light from the light source is formed 



into a collimated beam which is incidenton the grating 
4 at an angle of approximately 45°. Thus, ach light 
source is laterally offset from the optical axis of its as- 
sociated fens by an amount substantially equal to the 
5 focal length of the lens. The numerical apertures of 
the light sources 6 and the lenses 7 are matched so 
as to maximise the utilisation of light from the light 
sources. 

In order for light separation by the diffraction grat- 

10 ing 4 through the red, green, and blue picture ele- 
ments of the liquid crystal layer 1 to be efficient, the 
divergence from parallel of light rays within the colli- 
mated beams produced by the lenses 7 must be held 
within certain limits. It is desirable for light rays to be 

15 incident on the diffraction grating 4 at an angle which 
varies by no more than plus or minus 2° from 45°, 
which is well within practical limits. 

Typically, the lenses 7 may be spaced from the 
sources 6 by approximately 6 cm. To improve portabil- 

20 ity, means may be provided for collapsing the display 
when not in use so as to reduce its bulk. Such means 
may, for instance, comprise a mechanical concertina 
mechanism as described hereinafter. In a typical ap- 
plication of such an arrangement, the position of the 

25 sources with respect to the lenses is not critical and 
such a mechanism would not therefore need to be 
highly sophisticated and expensive. 

In order for each diffraction grating element 5 to 
separate the primary colours directed to the red, 

30 green, and blue pixels of the liquid crystal layer 1 , the 
elements 5, which are identical to each other, each 
comprise a diffraction grating which is chirped i.e. the 
grating pitch varies across the grating. The size of the 
pixels, the thickness of the glass layer 3, and the an- 

35 gle of incidence of light on the grating 4 determine the 
pitch and the degree of chirping which is necessary 
in order to provide efficient colour separation. Effi- 
cient colour separation may be achieved with practi- 
cal embodiments of the device illustrated in Figure 1. 

40 For instance, for a pixel size of 250 microns and a 
thickness of 4.2 mm. for the glass layer 3, each dif- 
fraction grating element 5 has a pitch of about i .2 mi- 
crons at its left end in Figure 1 and about 0.85 microns 
at its right end. 

45 In order to maximise efficiency, the grating ele- 

ments 5 are blazed so as to maximise light output in 
the first order while minimising light output in other or- 
ders, such as the zeroth order and the -1th order. 
Blazing techniques for achieving this are well known. 

so In addition to the colour separation, the diffrac- 

tion grating 4 also provides a degree of focusing of 
light towards the red, green, and blue pixels. Such fo- 
cusing allows light to be concentrated through the pix- 
els and reduces the amount of light directed onto opa- 

55 que regions between pixels, for instance regions car- 
rying control electronics associated with the pixels. 

Figures 2 and 3 show a display device which may 
be collapsed when not in use. Figure 2 illustrates the 
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device in operation whereas Figure 3 shows the de- 
J vice when collapsed, for instance for storage or trans- 
port. 

The device comprises a layer 21 comprising dis- 
play elements and a diffractive means, for instance of 5 
the type shown as elements 1 to 5 in Figure 1. The 
layer 21 is fixedly spaced from a focussing layer 22 
for illuminating the layer 21 with collimated light. A 
light array 23 is fixed to the layer 22 by means of a 
concertina mechanism 24. The light array may, for in- 10 
stance, comprise light sources of the type shown at 
6 in Figure 1 . 

The concertina mechanism 24 allows the device 
to be collapsed, as shown in Figure 3, when not in use 
so that its thickness is substantially reduced. In this 75 
state, the light array 23 is relatively close to layer 22. 
When the device is to be used, the concertina mech- 
anism 24 is extended as shown in Figure 2, for in- 
stance so that the light sources of the array 23 lie sub- 
stantially in the focal plane of the lenses of a micro- 20 
lens array forming the layer 22. 

In an alternative embodiment, as shown in Figure 
4, normal or near normal illumination of a diffraction 
grating 4 may be used. A pixelated liquid crystal de- 
vice similar to that described for the first embodiment 25 
is used and like reference numerals refer to like parts. 
The diffraction grating 4 comprises a plurality of indi- 
vidual diffraction gratings 10 which are spaced apart. 
Each grating 10 diffracts and directs light from an as- 
sociated pair of microlenses 12a and 12b of a micro- 30 
lens array 1 3 to an associated group of pixels 1 5 with- 
in the liquid crystal layer 1. The gratings 1 0 are blazed 
so as to maximise the light output in the first order 
whilst minimising the light output in other orders, such 
as the zeroth order, the -1th order and the higher or- 35 
ders. The microlens array 13 comprises a plurality of 
cylindrical lenses 12a and 12b. Each lens 1 2b is sym- 
metrically disposed with respect to its respective lens 
1 2a. The action of the microlens array 1 3 is to collect 
light incident on a first surface carrying the lenses 40 
12a and to focus the light onto the gratings 10, there- 
by increasing the intensity of the light incident on the 
grating 10 compared to the light intensity incident 
thereon in the absence of the microlens array. A prac- 
tical embodiment of the microlens array, for use with 45 
a display having a pixel size of 250 microns arranged 
in groups of 3, each group being 750 microns wide, 
has lenses 12a 0.75 millimetres wide with focal 
lengths of 1.5 millimetres and lenses 12b 0.25 milli- 
metres wide with focal lengths of 0.5 millimetres. so 

Figure 5 shows a further embodiment in which a 
hologram 20 is provided for separating light incident 
upon the hologram into red, green and blue compo- 
nents and directing them towards the respective re- 
gions of the liquid crystal layer. The use of a hologram 55 
allows greater choice in the positioning of the light 
sources with respect to the liquid crystal device, a 
long as the hologram is recorded for the actual ar- 



rangement of light sources and liquid crystal device 
used. 

As mentioned above, colour filters achieve an ef- 
ficiency of light utilisation of approximately 30%. In 
the present displays, the light utilisation efficiency as 
compared with known displays depends largely on 
the efficiency of the diffraction grating 4. This in turn 
depends largely on the efficiency of blazing so as to 
concentrate light output, for instance, in the first grat- 
ing mode. Blazed gratings with efficiencies greater 
than or equal to 50% are practically achievable. Fur- 
ther, the focusing effect of the grating permits further 
improvements in efficiency to be achieved. Thus, ef- 
ficiencies which are twice those of known colour fil- 
tering displays are achievable in practice and without 
requiring any complex or expensive manufacturing 
techniques. Indeed, manufacture of the present col- 
our display is simpler and cheaper than for known dis- 
plays as the multiple lithography steps for forming the 
colour filters of the known displays are avoided and 
relatively simple manufacturing steps for forming the 
diffraction grating 4 may be employed. Thus, reduced 
cost and complexity of manufacture can be combined 
with approximately doubling the battery life, or halv- 
ing the battery capacity required for a given life, to 
achieve a predetermined display brightness. The 
present displays therefore provide substantial advan- 
tages, for instance in the field of flat screen colour dis- 
plays for portable equipment. 

Various modifications may be made within the 
scope of the invention. For instance, the light sources 
6 and the lenses 7 may be replaced by light sources 
and lenses directing collimated light normally towards 
the grating elements 5 but via a binary optical grating 
acting as a fresnel wedge so as to angle the collimat- 
ed light onto the grating elements 5. Also, in all of the 
embodiments shown in the drawings, a diffuser may 
be provided on the front surface of the front glass lay- 
er 2. 



Claims 

1 . A colour display device comprising a spatial light 
modulator (1) having at least one first region (R) 
for modulating light of a first colour and at least 
one second region (G) for modulating light of a 
second colour, characterised by diffractive 
means (4, 20) for receiving polychromatic light 
and for directing light of the first colour to the or 
each first region (R) and light of the second colour 
to the or each second region (G). 

2. A device as claimed in Claim 1 , characterised in 
that the spatial light modulator (1) has at least 
one third (B) region for modulating light of a third 
colour and the diffractive means (4, 20) directs 
light of the third colour to the or each third region. 
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3. A device as claimed in Claim 2, characterised in 
that the first, second and third colours are pri- 
mary colours and the light-modulating regions 
(RGB) comprise pixels. 

5 

4. A device as claimed in Claim 3, characterised in 
that the light-modulating regions of the spatial 
light modulator are arranged in groups of red, 
green and blue elements (RGB) and the diffrac- 

tive means (4) comprises a plurality of elements 10 
(5), each of which directs light of the three colours 
to the three regions of a respective group. 

5. A device as claimed in Claim 4, characterised in 

that the groups and the elements (5) of the dif- 15 
fractive means (4) are arranged as a repeating 
one-dimensional pattern. 

6. A device as claimed in Claim 4, characterised in 

that the groups and the elements (5) of the dif- 20 
fractive means (4) are arranged as a repeating 
two-dimensional pattern. 

7. A device as claimed in any one of the preceding 
claims, characterised in that the diffractive 25 
means comprises a diffraction grating (4). 

8. A device as claimed in Claim 7, characterised in 
that the diffraction grating (4) comprises a plural- 
ity of substantially identical diffraction grating ele- 30 
ments (5), each of which comprises a chirped 
grating. 

9. A device as claimed in Claim 8, characterised in 

that the grating elements (5) are blazed so as to 35 
maximise light output in a predetermined order of 
the grating (4). 

10. A device as claimed in Claim 9, characterised in 

that the grating elements (5) are blazed so as to 40 
maximise light output in the first order of the grat- 
ing (4). 

11. Adevice as claimed in any one of Claims 8 to 10, 
characterised by illuminating means (6, 23) for 45 
supplying a collimated beam with a non-zero an- 
gle of incidence on the diffraction grating (4), the 
grating elements (5) being arranged contiguous- 
ly. 

50 

12. Adevice as claimed in any one of Claims 8 to 10, 
characterised by means (1 3) for providing normal 
illumination of the grating elements (5), which are 
spaced apart. 

55 

13. Adevice as claimed in Claim 12, characterised in 
that a microlens telescope arrangement (13) is 
provided for concentrating light onto the spaced 



grating elements (5). 

14. Adevice as claimed in any one of Claims 1 to 6, 
characterised in that the diffractive means com- 
prises a hologram (20) for separating compo- 
nents of the polychromatic light and directing the 
components towards the respective regions 
(RGB) of the spatial light modulator. 

1 5. A device as claimed in any one of the preceding 
claims, characterised in that the diffractive 
means (4, 20) are formed integrally with the spa- 
tial light modulator (1, 2, 3). 

16. A device as claimed in any one of the preceding 
claims, characterised in that the spatial light mod- 
ulator (1, 2, 3) comprises a liquid crystal device. 

1 7. A device as claimed in Claim 1 6 when dependent 
on Claim 15, characterised in that the diffractive 
means (4, 20) are formed on a surface of the liq- 
uid crystal device (1, 2, 3). 

18. A display device comprising a spatial light modu- 
lator (1) having at least one region (RGB) for mod- 
ulating light, characterised by diffractive means 
(4, 20) for focusing light towards the or each re- 
gion (RGB). 

19. A device as claimed in any one of the preceding 
claims, characterised by at least one light source 
(6, 23) attached with respect to the diffractive 
means (4, 20) by a collapsible attachment (24). 
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